INTRODUCTION
The increase in cardiac output observed during hypoxia presumably is related either entirely or in part to reduction in tissue oxygen tension. However, since tissue hypoxia is associated with a variety of changes in tissue energy metabolism, these biochemical alterations, rather than the low tissue oxygen tension itself, may be responsible for the circulatory stimulation. In order to test this hypothesis, one of us1 infused cyanide intra-aortically into dogs to induce metabolic changes like those occurring in hypoxia, while at the same time allowing the dogs to breathe oxygen to keep oxygen tension normal or above normal in all parts of the body. Indeed, cardiac output increased after such an infusion, and changes in heart rate and in arterial and ventricular pressures were qualitatively similar to those which occur during respiratory hypoxemia. It was also found that an intra-aortic infusion of cyanide (0.04 mmol/kg in 5 min) sufficient to triple the cardiac output did not give rise to a measurable amount of cyanide in the right ventricular blood.
The smallest measurable concentration of cyanide (0.009 mM) produced no effects in a Starling heart-lung preparation. This experimental model of hypoxia offers the important advantage that no significant amount of cyanide reaches the heart to impair myocardial oxygen utilization and contractility, whereas myocardial hypoxia may occur during hypoxemia. Other advantages offered by this method are that it is technically simple and that it permits reproducible increases in cardiac output in intact dogs.
This investigation was designed to elucidate the mechanisms by which cardiac output increases during cyanide-induced tissue hypoxia. Since the autonomic nervous system is known to influence cardiac function (1) , experiments were designed to study the role of the autonomic nervous system in regulating the cardiac output response to cyanide. Furthermore, we have demonstrated recently that the spleen contains a cardiostimulatory substance (2) , confirming the earlier reports of Rein, Mertens, and Bucherl (3) . Because the spleen has been shown to play an important role in circulatory regulation during hypoxemia and coronary occlusion (3, 4) , we also carried out experiments to study the role of the spleen and its mechanism of action in the regulation of cardiac output after cyanide infusion.
METHODS
Dogs of various strains and of both sexes, weighing between 10 and 27.5 kg, were used. Anesthesia was induced with methoxyflurane and maintained with intravenous chloralose (50-60 mg/kg). The trachea was cannulated and connected to a 9-liter Benedict-Roth spirometer. A femoral artery was cannulated for measuring arterial blood pressure. A second catheter was inserted into the other femoral artery and advanced a length that approximated in each dog the distance between the point of insertion and the xiphoid process. This catheter was used for infusing cyanide, and the position of its tip was later confirmed at autopsy. The right ventricle was cannulated via the right external jugular vein for sampling blood, injecting indocyanine green (Cardio-Green, Hynson, Westcott & Dunning, Inc., Baltimore, Md.), and measuring right ventricular pressure. The frequency response of this catheter, measured by a square wave impulse, was 13 Hz. A carotid artery was cannulated for sampling arterial blood. Heparin (500 U/kg) was administered after the surgery to prevent blood from clotting.
Blood pressures were measured with Sanborn 267-AC pressure transducers and recorded on a Sanborn 7700 recorder (Hewlett-Packard Co., Waltham Div., Waltham, Mass.). Heart rate was calculated from blood pressure tracings. Cardiac output was measured by both direct Fick and dye-dilution techniques. The Fick method entailed simultaneously drawing 5 ml samples of right ventricular and arterial blood over a period of 21 min while the rate of oxygen consumption was recorded on the spirometer. The blood samples were promptly analyzed for oxygen content by a gas chromatographic method (5) , which was found to be in good agreement with Van Slyke and Neill's method (6) . The dye-dilution method used was essentially similar to that of Shadle, Ferguson, Gregg, and Gilford (7) (8) .
Arterial blood samples were collected and measured for lactate and pyruvate as reported by Huckabee (9) . Blood oxygen capacity was determined by a cyanmethemoglobin method (10 (2 ug/kg) , and third, the absence of an increase in heart rate after a single intravenous injection of isoproterenol (0.5 sg/kg).
The role of the spleen in the regulation of cardiac output was studied by infusing the standard dose of cyanide into splenectomized dogs with or without propranolol pretreatment. The spleen had been removed via a mid-abdominal incision. Since this operation was associated with surgical trauma and blood loss, the cardiac output response to cyanide infusion was also studied in dogs splenectomized 2 wk previously, as well as in dogs that had had a sham operation or left nephrectomy. The last two groups of animals were also pretreated with propranolol.
Since it had become evident that the spleen was important in the cardiac output response to cyanide infusion, further experiments were designed both to study the role of the splenic nerves in bringing about this particular action of the spleen, and also to demonstrate the existence of a cardioactive substance released from the spleen after the infusion of cyanide. First, in order to study the role of the splenic nerves, the spleen was exteriorized through a midline incision. The splenic artery, including the nerves, and vein were dissected free from the surrounding tissue and any connection remaining between the spleen and the other organs was severed. (19) . In addition, the differences among group means were examined by a multiple range test simplified by Kramer (20) in order to evaluate the significance of differences between means. A difference was considered "significant" if the P value was less than 0.05.
RESULTS
Hemodynamic and metabolic changes in intact dogs after cyanide infusion Seven intact dogs were infused intra-aortically with the standard dose of cyanide and the results are shown in Fig. 1 Cyanide infusion reduced the rate of oxygen consumption and simultaneously increased the ratio of lactate to pyruvate concentrations (L/P) in the arterial blood. Both metameters reached their maximal changes shortly after the termination of cyanide infusion; these maximal changes are shown in Table II . Thereafter, oxygen consumption returned rapidly to, and even overshot, the control value at the time of the peak cardiac output rise, whereas L/P ratio fell slowly over 1 hr.
Role of the vagus nerves and cholinergic receptors
In five vagotomized dogs, four of which had received atropine pretreatment, cardiac output was 114.9±8.1 ml/ kg/min. It The means of any two groups not appearing together within the same parentheses are significantly different at P < 0.05. The means of any two groups appearing together within the same parentheses are not significantly different.
§ P < 0.01 for difference from the control. P < 0.05 for difference from the control. 1 P < 0.001 for difference from the control.
bolic measurements made in vagotomized dogs also were not significantly different from those in intact dogs.
Role of the sympathetic nervous system
The effectiveness of the blocking agents used was determined by the criteria listed under Methods. It was found that mecamylamine, bretylium, and phenoxybenzamine produced profound postural hypotension when the animal was tilted and that mecamylamine and phenoxybenzamine greatly reduced the pressor response to common carotid occlusion. Bretylium, in the doses used, failed to diminish the pressor response to carotid occlusion. Phenoxybenzamine greatly reduced the pressor response after administration of norepinephrine, while FIGURE 2 Effects of agents that block the sympathetic nervous system on the cardiac output response to the intraaortic infusion of cyanide.
propranolol completely abolished the increase in heart rate after administration of isoproterenol. OTHER HEMODYNAMIc RESPONSES (TABLE II) Right ventricular end-diastolic pressure. Right ventricular end-diastolic pressure did not differ significantly among any of the experimental groups before cyanide infusion, and it did not change at the time cardiac output was maximally elevated after cyanide infusion.
Pa. Pa was not altered by propranolol, but it was changed by other agents. Mecamylamine and phenoxybenzamine decreased the pressure, while bretylium increased it. However, these changes in Pa did not affect the control cardiac output, nor did they alter the Pa response to cyanide infusion. In response to cyanide infusion, Pa Heart rate. Heart rate was not changed by mecamylamine, but it was reduced by propranolol and increased by both phenoxybenzamine and bretylium. It also did not change significantly after cyanide infusion in any of the four experimental groups of drug-pretreated animals.
METABOLIC RESPONSES (TABLES II AND III)
Arterial blood pH. The blood pH in dogs of groups 3 and 4 was constant or slightly increased after cyanide infusion, as in intact dogs. In groups 2 and 5 the blood pH fell slightly. The differences among groups were not statistically significant.
Blood L/P ratio. L/P ratios obtained before cyanide infusion in groups 1, 2, 3, and 5 were similar; those in group 4 were higher. During cyanide infusion, the L/P ratio rose steadily in all five groups and peaked shortly after the end of infusion. The magnitude of the peak increase in L/P ratio in group 2 was higher than in the others, in which the increases were similar.
Rate of oxygen consumption. The blocking agents used did not affect the rate of oxygen consumption during control or after cyanide infusion.
Blood oxygen capacity. The usual increase in blood oxygen capacity seen in intact animals after the infusion of cyanide was abolished by phenoxybenzamine and bretylium, but not by propranolol or mecamylamine.
Role of the spleen Fig. 3 and Table IV show that, in contrast to the smooth cardiac output response observed in intact dogs, MINUTES FIGURE 3 Effects of acute splenectomy and its combination with propranolol on the cardiac output response to the intra-aortic infusion of cyanide. $ P < 0.01 for difference from the control. § P < 0.001 for difference from the control.
blood pH, and blood oxygen capacity did not change significantly. On the other hand, changes in heart rate differed among these three groups of animals; all splenectomized dogs without propranolol responded to cyanide infusion, as did intact dogs, with an increase in heart rate, but this increase in heart rate was abolished by the addition of propranolol.
In the dogs with splenic denervation plus propranolol pretreatment cardiac output did not increase after cyanide infusion (Table IV) as it did in intact dogs. The cardiac output response to cyanide in these dogs was like that observed in splenectomized dogs pretreated with propranolol and in dogs pretreated with mecamylamine (or bretylium) plus propranolol. In addition, changes in right ventricular end-diastolic pressure, Pa, heart rate, rate of oxygen consumption, L/P ratio, and blood pH were the same in these three groups of animals. However, blood oxygen capacity increased significantly in splenically denervated and mecamylamine-pretreated dogs, but not in the splenectomized or bretylium-pretreated animals. Table VII shows that cardiac output increased after intraportal infusion of the splenic venous blood obtained from dogs infused with cyanide. This increase in cardiac output was accompanied by a slight increase in Pa, but heart rate and right ventricular end-diastolic pressure remained unchanged. Similar infusion of arterial blood produced only a small increase in cardiac output. Paired comparison analyses indicate that infusion of both arterial blood and splenic venous blood increased cardiac output, and that the mean differences in pre-and postinfusion cardiac outputs were significantly different after both kinds of infusion. The mean percent increase was higher after the infusion of the splenic venous blood (t = 3.77, df = 11, P < 0.005). However, since control cardiac outputs varied from animal to animal and from experimental infusion to experimental infusion, it was difficult to determine the biological and statistical significance of the changes in cardiac output produced by infusion of both kinds of blood. Hence we attempted to determine the difference between predicted values of cardiac output after infusion of both kinds of blood when the control cardiac output was kept constant statistically. For both kinds of infusion, the postinfusion cardiac output was found to be related linearly to the control cardiac output. The line of best fit for data obtained for both kinds of infusion was fitted by the method of least (Fig. 4) , and the predicted cardiac outputs were found by interpolating at a value for the control cardiac output corresponding to the arithmetic mean of all control cardiac outputs for the two series, i.e., 2.275 liters/ min. The significance of the difference between these two predicted cardiac outputs was determined with Student's t test. The predicted value for cardiac output after splenic venous blood infusion was 3.44±0.26 liter/min, while after arterial blood infusion it was 2.42±0.18 liter/min; the difference between these two sets of values is significant at the 0.005 level (t = 3.866, df = 11). Therefore, we could infer that if all animals in all experiments had had the same mean control cardiac output, the infusion of splenic venous blood would have produced an increase in cardiac output significantly higher than that predicted to be produced by the infusion of arterial blood under identical conditions. DIS CUS SION Cyanide specifically inhibits cytochrome oxidase (21, 22) .
At concentrations as low as 10' to 10-' M, it produces 50% inhibition of cytochrome oxidase in most tissues, whereas concentrations 10' to 106 times greater are necessary to achieve 50% inhibition of other enzymes (22) .
In the experiments reported here, if all the cyanide infused (0.03 mmol/kg) had been retained in the abdomen and hindlimbs of the dog in a volume of distribution approximating 40% of body weight, and if none were inactivated, the concentration of hydrocyanic acid in the tissues would appear to be too low to produce any significant effect on any enzymes other than cytochrome oxidase. That cyanide inhibited cytochrome oxidase in these experiments was inferred from the reduction in rate of oxygen consumption and the increase in blood L/P ratio (Tables II and V) . Thus, it may be concluded that cyanide infusion did alter the oxidation-reduction state of the cytochrome system toward the reduced state.
The predicted pharmacological actions of mecamylamine, propranolol, and phenoxybenzamine were produced by the doses used, as judged by the criteria described under Methods. Bretylium, in the doses used, did not diminish the pressor response to common carotid occlusion, as Aviado and Dil (15) and Ledsome and Linden (17) also found. However, since we found that these doses of bretylium were large enough to produce marked postural hypotension, and because they are sufficient to block the actions of cardiac nerve stimulation (15) (16) (17) and of splenic nerve stimulation (14) , we can conclude that these doses of bretylium produced sympathetic blockade. Table I and Fig. 2 show that the rise in cardiac output after cyanide infusion was markedly diminished by agents that inactivate the sympathoadrenal system, but it was not affected significantly by vagotomy or cholinergic receptor blockade. In contrast to the large prolonged increase in cardiac output seen in intact dogs after cyanide infusion (Fig. 1) , in the dogs pretreated with both mecamylamine (or bretylium) and propranolol cardiac output increased only slightly 3-5 min after the start of cyanide infusion (early phase). The major portion of the rise in cardiac output in intact dogs after cyanide infusion could be abolished, then, by the simultaneous administration of a sympatholytic agent and a beta-adrenergic receptor blocker. The remaining increase in cardiac output after cyanide infusion in these drug-pretreated dogs depends neither on the functional integrity of the sympathetic nerves nor on the activities of betaadrenergic receptors. The observation that Pa fell as cardiac output rose in these animals might support that the rise in cardiac output resulted from decreased aortic impedance. However, no further data exist at this moment to substantiate this or explain adequately the mechanism responsible for the increased cardiac output. It is also shown in Fig. 2 and Table I that the cardiac output response to cyanide infusion in animals with sympathetic blockade produced by mecamylamine or bretylium is different from that in animals with betaadrenergic receptor blockade produced by propranolol.
Mecamylamine (or bretylium) abolished the middle phase of the cardiac output rise, beginning at 5 min and ending at 25 min after the start of cyanide infusion, while propranolol diminished the late phase beginning at 15 min and ending at 40 min after the start of cyanide infusion. Therefore, it seems unlikely that the rise in Cardiac Output Regulation in Hypoxia 3123 cardiac output during the middle phase results from actions on the heart, either of the cardiac sympathetic nerves or of circulating catecholamines, both of which act via beta-adrenergic receptors. Furthermore, since the increased cardiac output during the middle phase was not altered by phenoxybenzamine and propranolol together, it would appear that this rise in cardiac output is mediated by sympathetic nerves that activate neither alpha-nor beta-adrenergic receptors.
The absence of the middle phase of the cardiac output rise after cyanide infusion in the drug-pretreated dogs might result from direct depressant effects of cyanide or acidosis on the myocardium or both. This seems unlikely, however, since the changes in arterial blood pH after cyanide infusion were not significantly different among the groups (Table II) . Furthermore, it has been shown previously by one of us 1 that in intact dogs the amount of cyanide in the right or left ventricular blood is insufficient to depress myocardial function after the intraaortic infusion of cyanide (0.04 mmol/kg in 5 min), and that even if cyanide does reach the heart, when the same amount of cyanide is infused intravenously, cardiac output is not decreased and may even increase. It would appear, then, that myocardial contractility was not depressed by the amount of cyanide given intra-aortically in these dogs.
The middle phase of the cardiac output rise after cyanide infusion also was abolished by both splenectomy and splenic denervation (Fig. 3) . This effect was not related to the surgical procedure or to the blood loss since it was still evident in the chronic splenectomy dogs and operations comparable to splenectomy (i.e., sham operation and nephrectomy) did not prevent the cardiac output from increasing during the middle phase after cyanide infusion (Table IV) . It probably was also not due to the loss of a blood volume that the spleen could eject into the general circulation upon contraction. Several investigators (23) (24) (25) have shown that splenic contraction increases the total blood volume by only 6-15%. From the results in Table VII , it is evident that the intraportal infusion of a volume of arterial blood approximating 10% of the total blood volume (7-8 ml/kg) produced only a small increase in cardiac output.
Tables II and V show that changes in right ventricular end-diastolic pressure and Pa after cyanide infusion were the same in all groups of dogs, regardless of changes in cardiac output. Thus, it appears likely that the increase in cardiac output in the middle phase after cyanide infusion is not mediated by either the Frank-Starling mechanism or aortic impedance, and that it may be brought about by the inotropic action of a humoral substance from the spleen by sympathetic stimulation. This possibility is further suggested by the demonstration that the intraportal infusion of splenic venous blood from cyanide-treated dogs increased the cardiac output in intact dogs. In contrast, the same amount of arterial blood increased cardiac output only slightly when it was infused intraportally. Therefore, this effect of the splenic venous blood is not due to the blood volume expansion produced by blood transfusion; instead, it is most likely caused by the inotropic action of a humoral substance present in the splenic venous blood.
We have demonstrated recently that cardiac output can be increased by sympathetic stimulation of the spleen (2) . An inotropic substance in the splenic venous blood was first postulated by Rein et al. (3) . They found that cardiac function in a heart-lung preparation deteriorated spontaneously, but that if the liver and spleen were included in the heart-lung preparation, splenic nerve stimulation would improve the function of the failing heart. Furthermore, Rein and Bohrn (4) showed that the splenectomized dog tolerates coronary occlusion poorly, and that splenic venous blood obtained from a normal dog, when administered transhepatically to the splenectomized dog, overcomes to a considerable degree the functional deterioration of the heart produced by occlusion. This action of the splenic venous blood clearly is not due to blood volume expansion, since the transfusion of the same volume of arterial blood did not result in any improvement of cardiac function in the same preparation. Therefore, Rein and his associates postulated that cardiac anoxia causes an unknown substance to be released from the spleen by nerve stimulation, and that, because this substance must enter the hepatic circulation, it is modified in the liver before it can exert its action on the heart to improve myocardial function. Subsequently, Meesmann and Schmier (26-28) not only confirmed those findings, they also showed that splenic nerve stimulation increases the efficiency of cardiac energy utilization.
The spleen contains abundant amounts of norepinephrine and epinephrine that are released by sympathetic nerve stimulation (29) (30) (31) , but it is unlikely that either of these substances is responsible for the effects on cardiac output, since they do not increase cardiac output when infused intraportally (2, 3, 32) . We have shown in both these experiments and others (2) that this action of the spleen is not abolished by propranolol, which further minimizes the possible role of catecholamines. Besides catecholamines, prostaglandins are found in the spleen and are released into the blood stream after splenic nerve stimulation (33, 34) . However, since prostaglandins, when infused into the portal vein, are largely inactivated in the liver, and little of them reaches the heart to produce any significant effect (35) , it seems unlikely that prostaglandins are responsible for the increased cardiac output after splenic nerve stimulation.
Recently, Cobbin and Thorp (36) found that the acetone fraction of splenic extracts contains a cardio-
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C. Liang and W. E. Huckabee active material that produces a positive inotropic action on the papillary muscle of the cat and on the isolated Langendorff heart of the guinea pig. Thorp has succeeded in purifying this cardioactive substance and named it "splenitransin" because it is plentiful in the spleen and acts on a distant organ, the heart (37 (Table  VI) , did not prevent the spleen from contracting (an alpha-adrenergic effect) in response to cyanide infusion. That the spleen contracted may be inferred from the increase in blood oxygen capacity, presumably associated with the discharge of erythrocytes from the spleen upon contraction (38) . Oxygen capacity did not increase in the bretylium-pretreated dogs (Table III) . The spleen had been stimulated once already by the initial sympathomimetic actions of bretylium and, therefore, could not discharge a significant number of erythrocytes when stimulated a second time after cyanide infusion. However, our experiments do not provide sufficient information to permit us to identify either the source from which, or the mechanism by which, catecholamines are released into the general circulation after cyanide infusion.
The adrenal medulla, the largest chromaffin tissue in the body, might be the source of the catecholamines that increase cardiac output during the late phase of the cardiac output response to cyanide infusion. The adrenal medulla can secrete catecholamines upon either nervous or humoral stimulation (39) (40) (41) . The nervous mechanism is usually considered to be the more important one; Cannon, Linton, and Linton (42) showed in exercising dogs that catecholamines were not released from the adrenal medulla when the gland was denervated. Furthermore, they showed that catecholamines also were not released when the venous flow from exercising limbs was occluded from the general circulation. Therefore, the release of catecholamines from the adrenal medulla during exercise appears to be brought about by stimulation of the preganglionic fibers to the adrenal medulla in response to a humoral substance, which is produced in hypoxic tissues and must enter the general circulation to initiate catecholamine release. This humoral substance probably is an anaerobic tissue metabolite. However, since mecamylamine did not block the increase in cardiac output that occurred in the late phase after cyanide infusion, it is possible that catecholamines are released from the adrenal medulla by direct actions of anaerobic tissue metabolites, such as those demonstrated by Bulbring, Burn, and De Elio (39) and Rubin (41) . Tables II and V show that when cardiac output was prevented from rising during the middle phase after cyanide infusion by chemical sympathectomy, splenectomy, or splenic denervation, the blood L/P ratio rose to values greater than those in intact dogs. Since it has been shown that cyanide toxicity is lessened by oxygen administration (43) , an increase in cardiac output, which increases oxygen delivery to tissues, probably could overcome to a considerable degree the inhibitory action of cyanide on tissue metabolism. Cyanide should exert a greater action on tissue metabolism when cardiac output fails to increase. However, this does not explain why the same high rises in L/P ratio did not occur in dogs pretreated with mecamylamine (or bretylium) plus propranolol (Table II) , although they, too, lacked the middle phase of the cardiac output rise after cyanide infusion.
In conclusion, the cardiac output response to cyanide infusion can be characterized by an early, a middle, and a late phase. The mechanism for the increase in cardiac output seen in the early phase is not clearly understood; however, it involves neither the sympathetic nerves nor the adrenergic receptors. The increase in cardiac output seen in the middle phase probably is caused by a nonadrenergic substance released from the spleen by sympathetic stimulation, whereas the increase in cardiac output seen in the late phase is most likely brought about by the direct actions of circulating catecholamines on the heart. These experimental results are consistent with those of Korner and White (44) , who found that the increased cardiac output during respiratory hypoxemia in rabbits was markedly diminished by adrenalectomy and guanethidine-induced sympathectomy. Similarly, Ashkar and Hamilton (45) found that the animals' capacity to increase cardiac output during moderate and severe exercise was markedly reduced when both adrenal medullae and sympathetic chains were removed surgically. In both studies it also was observed that neither sympathectomy nor adrenalectomy alone impaired the animals' capacity to increase cardiac output during exercise and hypoxemia, but no triphasic responses like those we described above for cyanide infusion were observed. The mechanism of action of the adrenal medulla is most likely mediated via the inotropic action of its neurohumor --epinephrine-on the heart; that of sympathetic nerves is more complex. If this effect of sympathetic nerves also were mediated through the actions of catecholamines on the heart, we would expect a beta-adrenergic receptor blocking agent to block the actions of both the adrenal medulla and the sympathetic nerves. Several investigators have studied cardiac performance during hypoxemia and exercise in human subjects and in dogs pretreated with beta-adrenergic receptor blocking agents and found that during mild and moderate hypoxia, the increase in cardiac output was not altered significantly (46) (47) (48) . Therefore, as was true for cyanide infusion, this effect of sympathetic nerves during exercise and hypoxemia probably is not mediated through the actions of catecholamines on the heart. In order to determine which sympathetic nerves are involved in bringing about the increase in cardiac output, Ashkar, Stevens, and Houssay carried out experiments in which they removed different sympathetic nerves (49) (50) (51) . Like Donald and Shepherd (52), they found that the cardiac nerves do not play an important role in this respect. They further found that the hepatomesenteric nerves control the cardiac output response to exercise, but the mechanism by which these nerves act to increase cardiac output is still unknown. If the cardiac output controlling mechanisms are indeed similar in exercise and in the cyanide model of tissue hypoxia, we can speculate that the hepatomesenteric nerves act to increase cardiac output by releasing an inotropic substance from the spleen.
The physiological function of the spleen has never been studied extensively in relation to the cardiovascular function. Several studies indicate that splenectomized dogs are less resistant to the development of carbon monoxide poisoning (53) and shock (54, 55) , which usually is explained by the removal of the intrasplenic volume of blood which normally is discharged from the spleen into the general circulation under these conditions. However, other actions of the spleen, including the inotropic agent discussed above, should be considered.
In man, unlike dogs, the spleen is not considered to be a large blood reservoir; hence, people who have been splenectomized are ideal subjects in whom to study other physiological functions of the spleen. Ask-Upmark (56) first studied 100 Swedish men and women whose spleens had been removed because of trauma. These people were studied, on an average, 8 yr after their operations. The most commonly recorded symptoms were fatigue, lack of physical endurance, and anginoid pain in the chest. Some patients had had to change to easier jobs. These findings were confirmed by other investigators (57) (58) (59) (60) (61) ; the incidences of these complaints varied from 10 to over 50% of the people surveyed. In addition, Focke (62) and Hermanuz and Westerberg (63) showed that some splenectomized patients had pathological changes in their electrocardiograms. However, the significance of these changes is difficult to assess because reliable information about the incidences of these changes in a normal population of people who have had other operative procedures comparable to splenectomy is not available. It is also complicated by the long interval between operation and follow-up; some symptoms may have disappeared or been forgotten by the patients. Nevertheless, these findings do indicate that splenectomized persons may have some cardiac dysfunction that might be related to the loss of the spleen. The real significance of this organ in our daily activities warrants further studies.
